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Ribosomes seen through a glass less darkly
Electron microscopists have made important progress recently
in their quest to determine the structure of the ribosome. New
insights into the mechanism of protein synthesis are beginning to
emerge, and substantial progress is likely in the immediate future.
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Among the highlights of last May's ribosome meeting at
Victoria, British Columbia, were the presentations by
Joachim Frank and Richard Brimacombe of new, three-
dimensional reconstructions of the Escherichia coli ribo-
some. Some comment is in order here, as articles on this
topic have just appeared from Frank et al. in Nature [1],
and in last month's Structure from Brimacombe collabo-
rating with van Heel [2].
Frank and van Heel are members of the small fraternity
that has devoted itself to solving one of the most difficult
problems in structural biology: reconstruction of the
three-dimensional structure of asymmetric biological
objects from electron micrographs of individual particles.
Transmission electron microscopy yields projection
images, and it has long been recognized that three-
dimensional structures can be recovered from electron
micrographs, provided that images are obtained from par-
ticles in many different orientations.
The crux of the problem has always been the determina-
tion of image orientation. One solution is to take multi-
ple micrographs of a single particle using a microscope
whose stage can be tilted. Chief among the many limita-
tions of this approach is the degradation of image quality
that results from repeated exposure of single particles to
the electron beam. By the time a full set of data has been
obtained at sufficiently high resolution to be interesting,
the particle is incinerated. The two reconstructions dis-
cussed here were obtained in a different way: by combin-
ing the (untilted) images of thousands of independently
oriented particles. Image orientations were determined
computationally after the micrographs were taken.
For a long time, electron microscopists interested in
reconstructing ribosome images concentrated on micro-
graphs of negatively stained ribosomes and ribosomal
subunits. As methods improved, the level of detail in the
models proposed increased, but it was hard to convince
the rest of the ribosome-studying community that the
product was significantly more enlightening than the car-
toon models that had been deduced semi-intuitively
from negatively stained images in the 1970s. It was obvi-
ous to all who attended the Victoria meeting that the
structures being presented there and discussed here repre-
sent a huge step forward, and more exciting than
that, even higher resolution structures are likely to be
produced shortly using the same methodology.
Two important technical advances have been made. First,
the micrographs analyzed by both groups were law-dose
images taken of unstained ribosomes embedded in vitre-
ous ice at very low temperature. This approach can yield
atomic resolution information about macromolecular
structure. Second, the microscope used by Frank et al. [1]
(but apparently, not by Stark et al. [2]) had an energy fil-
ter. This helps because electrons scattered inelastically by
specimens - of which there are many - cannot be
imaged; electron microscopes have terrible chromatic
aberration. They are unable to bring scattered electrons
that differ in energy to focus in the same plane. Because
electrons scattered inelastically contribute to the back-
ground gray level of electron micrographs, their elimina-
tion from the image-forming system increases the signal
to noise ratio. In addition, because the optical behavior
of electrons scattered elastically in electron microscopes is
well understood, energy-filtered images can be corrected
accurately for contrast transfer function effects (i.e. the
image distortions imposed by instrument limitations).
Thus, image accuracy improves as well as image strength.
The structure presented by Frank et al. [1] is derived from
the images of 4300 separate particles; the structure pre-
sented by Stark et al. [2] combines 2447 images. Both
have resolutions estimated to lie around 25 A. The two
groups do not appear to have contoured their electron
density maps in the same way, however, and conse-
quently, they impute noticeably different appearances to
the ribosome. Stark et al. chose their electron density cut-
off value so that the volume occupied by the ribosome
would correspond to that occupied by its protein and
RNA components. They point out, however, that small
inaccuracies in their estimate of image magnification
would have a big impact on the contour level chosen.
Frank et al. do not describe how their cut-off contour
was chosen, but it is evident that their level was lower.
The result is that the ribosomal subunits reported by
Frank et al. appear rather solid, and those of Stark et al.
are full of internal channels. (One wonders whether
energy filtering might also have contributed to this dif-
ference by altering electron density levels in the middle
of the image relative to electron densities at its periphery.)
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Fig. 1. Three-dimensional models of the
Escherichia coli 70S ribosome viewed
from similar directions. (a) Frank et a.'s
25 A reconstruction. (Reproduced from
[1], with permission.) (b) Stark et a.'s
23 A reconstruction with tRNAs mod-
eled in the A and P sites (purple and red,
respectively). (Figure reproduced from
[21.) Both models are oriented so the
viewer is looking down the subunit
interface with the L7/L12 stalk of the 505
subunit pointing towards the viewer.
Contouring problems notwithstanding, several general
conclusions emerge. First, while the surface of the ribo-
some is far more irregular than imagined in the 1970s,
the shapes of the ribosomal subunits that have emerged
are comfortingly close to the low-resolution shapes
people have used to interpret their data for years. The
small ribosomal subunit has a head, a platform and a
body, as expected, and the 50S subunit is roughly hemi-
spherical with three projections emerging from its flat
surface. Second, although differences in contouring and
presentation make it hard to be sure, the two structures
appear to this reader to be remarkably similar in detail
(see Fig. 1), which suggests that the microscopists are
indeed getting closer to the truth! Third, it is abundantly
clear that the gap between the two subunits will accom-
modate tRNA molecules, and that the models the two
groups show for the complex between the ribosome and
tRNAs bound in the A and P sites differ only in minor
detail. These models are entirely consistent with protein
synthesis taking place in the subunit interface region, as
many have believed for a long time. Fourth, the existence
of the hole in the 50S subunit first identified by Yonath
and collaborators [3] is strongly supported. Such a hole
starts at the subunit interface surface of the large subunit
near the region believed to include the peptidyl trans-
ferase site, and runs down through the large (50S) riboso-
mal subunit to the region identified by Bernabeau and
Lake [4] as the site where nascent proteins emerge from
the ribosome. It is large enough to accommodate a
polypeptide chain. In the model proposed by Frank et al.,
the "nascent peptide tunnel" has a branch point that
leads to two exits, one that could be used for proteins
destined for release into the cytoplasm and a second that
could be used for proteins that have to be inserted into,
or pass through, membranes. The tunnel is even more
complicated in the porous structure of Stark et al. Finally,
Stark et al. point out that future model building of rRNA
tertiary structures should explicitly take these electron-
density maps into account.
Crystallographers take heed! The electron microscopists
have crossed an important technological threshold. They
now threaten to harvest a lot of the choicest fruit inher-
ent in the structure of the ribosome before you even get
to the orchard.
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